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Abstract 
This project extends upon previous research in mathematical embodiment games and gesture use 
in teaching. Through this IQP, functionality of the game creation application Wearable Learning 
Cloud Platform was extended to also support image hints. The goal of this research was to 
improve student support in the form of gesture based picture hints which were created based on a 
study analyzing differences between college and elementary student problem solving techniques. 
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1. Introduction 
 
Embodied games can be used to give students an interactive learning experience that can create 
relationships between motor actions and mathematical concepts. The Wearable Learning Cloud 
Platform (WLCP) currently supports the ability to create embodied games with finite state 
machines.  The implemented hint system only supports text and not images. This research 
attempts to investigate if image based hints depicting gesture content can improve student 
learning. Previous studies have shown improved performance from students when gestures were 
used during their lessons (Nathan, et al., 2014). The specific gestures to be used will be derived 
from experiments from a ‘Exploring Measurement Estimation Through Learners’ Actions, 
Language and Gestures’, a study by Harrison in 2019, which compared the gestures and problem 
solving skills of math experts to elementary students. Improving student learning and 
embodiment from games created through the WLCP platform will require insight from two 
major areas of research on gesture embodiment and educational problem design. 
2. Background Research 
2.1 Embodiment and Gestures in Math Learning 
 
Embodied Learning, or Grounded and Embodied Cognition (GEC), is loosely defined as an educational 
method where one learns not only through theory, but by involving in the process their whole body 
(WAAG,  2012). An example would be teaching kids about the number line by having them physically 
move along a line based on whether the numbers are increasing or decreasing. Such a game requires each 
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player to not only have an understanding of his/her location at each point relative to the line and the other 
players, but also to physically move around periodically, shifting their location. By playing this simple 
game, kids obtain a first-person experience of how the number line works, so when asked about it they 
can remember the activity and use it as a reference to give an answer.  
 
GEC has proved its effectiveness repeatedly. One noteworthy example is the 2007 study by Thomas and 
Lleras, which shows how action supports insight problem-solving. In this study, researchers found that 
participants who were told to produce eye gaze patterns that converged to the center, were the most 
successful at solving the General and Fortress Problem. This was because that specific eye gaze pattern 
embodies the insight needed in order to successfully solve the given problem (Thomas & Lleras, 2007). 
As a result of its success, GEC has attracted many scholars in the fields of philosophy, behavioral 
psychology and the learning sciences. It was even called “an alternative or challenger or “the next step in 
the evolution of” standard cognitive science” (Shapiro, 2010). 
 
One study that truly captured my attention during the research process of this paper was ‘Actions speak 
louder with words: The roles of action and pedagogical language for grounding mathematical proof’ by 
Nathan et al. As the title suggests, researchers focused on explaining if and how GEC improves 
undergraduate students’ understanding of mathematical concepts. They carried the study on a sample size 
of 120 students, and noticed that when grounding tasks were performed, it was easier for students to make 
key mathematical insights, but not superior proofs. However, when these tasks were paired with 
pedagogical language in the form of prompts and hints, students showed increased proof performance 
(Nathan, et al., 2014). These results suggest that while actions facilitate insight, pedagogical language 
helps with proof production by giving relevant meaning to the actions. 
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This study will be combining two key areas of educational research, mathematical embodiment and 
gesture-backed teaching, in another math-related study by Goldin-Meadow et al., ‘Gesturing gives 
children new ideas about math’, researchers explored the question of how gesturing helps children learn 
new math concepts. This study sampled one-hundred twenty eight 3rd and 4th grade kids who solved 
none of the given pretest questions. Then, these kids were shown simple addition equations where one 
side had a missing number, and taught to make one side equal to the other by grouping elements of one 
side to help them add up the numbers. Then, they were shown another problem on the board, and taught 
how to make both sides of the equation equal theoretically. Finally, they asked children to solve 6 similar 
problems and explain how they did it in order to see how many problems were solved correctly using 
grouping versus simple theory (Goldin-Meadow, Cook, & Mitchell, 2009). The results were fascinating, 
showing a direct relation between using grouping and performing better on the tests, while if students 
were taught gestures, they were more likely to also include grouping in their explanations.  
 
The results of these two papers, namely improvement of proof performance when gesture learning was 
paired with pedagogical language, and mathematical computation improvement when a mediator 
(grouping) was introduced as another form of gesture learning, inspired the development of a math 
learning platform. In order to help students better understand underlying mathematical concepts, this 
learning platform uses gesture hints to teach such concepts. The following section provides a more 
detailed explanation.  
 
2.2 WLCP Learning Technologies 
 
 Previous research has investigated the ability for educational games to improve academic 
performance. Games often improve classroom participation and morale. When compared to 
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typical classroom lectures these activities can improve learning and retention due to their novelty 
(O'Riordan & Kirkland, 2008). Our research team at WPI has created the Wearable Learning 
Cloud Platform (WLCP). WLCP is a web based graphical game development platform. It utilizes 
finite state machines in order for students to create games that are easily ported across various 
platforms such as computers or phones (Micciolo, et al., 2018). The ability to execute games 
onto smartphones is what will be most useful for crafting interactive multiplayer games 
promoting embodied learning, in order to answer the main research questions surrounding hint 
optimization during embodied games. While students enjoyed and learned with the WLCP, 
students received limited support when they were playing, because the hints were text based, and 
the actions they had to do to succeed were highly physical. Similarly to how gestures have been 
incorporated into classroom lectures to improve concept understanding, gesture-based hints 
should allow for struggling students to receive improved support while playing games. 
2.3 Research Questions 
Given what the past research has accomplished, the new challenge is to improve the help 
mechanisms of the WLCP so that students are supported further during problem solving. The 
main research questions of this project are: (RQ1) What are key strategic and conceptual 
differences between college and elementary students when performing geometric measurement? 
(RQ2) What could be the benefit of visual gesture image support for student players? 
 
RQ1 refers to the analysis of major differences in measurement problem solving between 
high-level math experts and novice math students. Identifying these differences allows for hint 
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and application development within the WLCP platform to have the strongest impact on 
supporting novice math students. 
 
RQ2 refers to the implementation of this support and whether the current implementation of 
WLCP is sufficient for providing support for students or if a visual hint system would allow for 
more dynamic support for struggling students. Previous research the use of gestures for improved 
student learning will also be investigated through the analysis of text versus gesture based 
pictorial hints. 
3. Method 
3.1.   Study 1. Understanding gestures that could help students. 
 
This study aimed at looking at the difference between college and elementary students when 
measuring various geometric objects. I played an important role in this study. Through the 
analysis of video recordings of the problem solving process, as well as student strategy 
explanations after each task, key differences were identified in each group (Harrison, 2019). A 
major focus of the study was gesture differences in the task explanations, with the purpose of 
finding gestures used by the college students that could be taught to the elementary students in 
the second study.  
3.1.1 Contribution 
This study was designed by graduate student Avery Harrison for her Master’s Thesis. My 
contribution to this project was helping in the creation of the video coding guide as well as 
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working in a four person team to code the college student study. This was done over the first 
term of the IQP as well as conducting part of the elementary school study with the same team of 
four people. The study will be overviewed in the following sections and for a very in detail 
description reference (Harrison, 2019). 
3 .1.2 Procedure 
The experiment was conducted with two groups of students, college students at a university 
completing the task for a class credit requirement and elementary school students completing the 
task at an after-school program. Researchers worked with one participant at a time for about 
15-25 minutes. A math-attitude questionnaire was delivered to both groups before the task 
(Eccles, Wigfield, Harold, & Blumenfeld, 1993; Arroyo, Shanabrook, Burleson, & Woolf, 2012). 
The participants were given a 12-inch unmarked dowel and were asked to complete about 14 
measurement tasks (10 task for younger students and 18 for older students). The measurement 
tasks asked students to estimate various attributes of geometric objects such as length, diameter 
or height. After the participant gave an answer to the problem they were asked to explain their 
solution. Both the problem solving and explanation were recorded and coded between a group of 
four coders afterwards. 
3.1.3 Participants 
There were a total of 30 elementary school students from an after-school program that 
participated in the study, students were age 8-11 years old and were third and fourth graders. 
There were 17 female and 13 male elementary students. There were a total of 45 college students 
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participating in the research for course credit requirement. There were 27 female, 1 non-binary 
and 17 male students. 
3.1.4 Measures 
The following data was collected for each participant, their responses to the math attitude 
questionnaire, answers to each task and video footage of task solving. When analyzing the data 
math attitudes were used to control for differences in the population. The responses to the 
measurement tasks were both discrete multiple choice answers as well as size estimations that 
were on a continuous scale. Video data was analyzed using the coding guide detailed in the 
section below, this coding guide was developed over the course of the project. 
3.1.5 Video Coding Guide 
See Appendix C for the full video coding guide. In order to create the coding guide the college                  
participant videos were analyzed among four coders until abstractions from the recorded tasks             
could be observed and categorized, eventually through weekly iterations a coding guide was             
designed to capture the video data. In order to validate the accuracy of the video coding                
procedure, coders met until there was clear consensus and there was 75% agreement between 3               
of the 4 coders across 80% of the guide items. The coding guide was created in collaboration                 
with a graduate student for their thesis for more detailed explanation of the coding guide check                
(Harrison, 2019). 
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3.2  Study 2. Impact of Visual Hints 
Once the first study was complete, the data was analyzed, image hints were created and image 
support was added to WLCP. The second study aimed to created a variety of gesture based image 
hints to improve the game  EstimateIT! . A game where students are tasked with finding objects 
scattered around the room using descriptions on their phones. This study compared pretest to 
posttest performance improvements between a image group and text only group. 
 
3.2.1 Software Development and Hint Creation 
The software development portion of the project focused on three areas of the WLCP platform, 
the game editor, the server database and the player view. For the game editor using the OpenUI5 
SDK, a new content tab was added to each state, allowing for game creators to reference an 
image URL and scale the uploaded image to an appropriate size. 
10 
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Figure 1.  Screenshot of WLCP game editor view. New feature allowing users to add images to a 
state of a game. 
 
In order to make the image save on the server, a new database object had to be created. 
Complying with the Java framework Persistence the following database table was added to the 
MySQL database. 
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Figure 2. MySQL Workbench database view with picture_output table values 
 
Now that the images could be added through the game editor and were saved in the database the 
next steps were to add the player view. In order to do this the packets communicating with the 
client needed to be altered to allow for the image information to be transmitted. The client side 
UI was also altered in order to differentiate between text and image views and display them 
properly. 
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Figure 3. A screenshot of a phone playing EstimateIT! with image hints on the left and the same 
stage in the game for players with text hints on the right. 
 
Using the data collected from study one, hints were created that aimed at conveying the most 
important strategies observed from college students as well as acknowledging the most common 
mistakes of elementary students (see Figures 3 and 4). For a full table of all hints and 
motivations reference Appendix A. 
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Figure 4.  Examples of hints created for EstimateIT!, targeting strategies such Part-Part Whole, 
size of an inch and measuring reminders. 
3.2.2 Measures 
In order to measure for performance students were administered a eight question survey 
containing questions about geometry and measurement. In order to observe if there was learning 
the pretest was administered again after the EstimateIT! activity as a posttest. 
 
 
Figure 6. Two problems from the pretest. The first picture of the key assessing knowledge of 
reference sizes and units. The other asks students to label the shape. 
 
3.2.3 Procedure 
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A Pretest was given to students, to assess their knowledge surrounding measurement and 
geometric object recognition (see Appendix B for the full test). Nine students divided into three 
teams, each team was assigned either the Text or Image hint condition. Each participant was 
given a smartphone running EstimateIT! and a 12 inch dowel. Students were informed of the size 
of the dowel and given 25 minutes to play the game. When students finished the game, we 
collected the smartphones and dowels. Finally we administered the posttest (same as the pretest). 
 
Figure 5 shows some students playing the EstimateIT! Game. Sometimes students put the phone 
down to interact with the objects and measure. 
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Figure 5. Students playing EstimateIT!, the phone has a description of an object in the room. 
Various objects were scattered around the room and students used the descriptions on their 
phones to identify them. 
3.2.4 Participants 
There were a total of 35 elementary students that participated in the study in an afterschool 
program in Massachusetts. The groups contained students in 3rd-5th grade approximately 8-10 
years of age. This age group was selected due to their stage in the mathematics curriculum. The 
concepts introduced in the activity and pretests would not be too easy or too difficult. 
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4. Results 
The results section will focus more in depth on study 2 and give a general overview of key 
findings in study 1, especially those that were used to create gesture image hints for study 2.  
4.1 Study 1 
This section reports on the analyses ran for the first study regarding understanding gestures, and 
the second study regarding the effectiveness of the implementation of the enhanced EstimateIT! 
Key findings were that novice math learners were much less likely to use strategies such as 
part-part whole when measuring an object, college students used the strategy 19.6% of the time 
while elementary students only used it 6.5% of the time, college students were nearly three times 
more likely to use this strategy. Younger problem solvers also showed a lack of reference for the 
size of an inch, while college students often referenced their body parts such as the tip of their 
thumb as rough metrics for the size of an inch. Placing the measuring tool perpendicular to the 
surface while measuring was another main difference between the two groups. These concepts 
were turned into hints that were shown to all students in the beginning of EstimateIT! to help 
address common errors in strategy. 
 
4.2 Study 2 
 
I analyzed the results of the pretest and posttest given to students, as well as the gains, split by 
condition. The pretest score results and posttest score results are shown for the 35 participants in 
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Table 1  and  Table 2 respectively. The mean and standard deviation gains from pretest to posttest 
are shown in  Table 4 and show that students overall performed better in the posttest, on average, 
especially in the image condition. The mean gain for the image condition was M= 0.5, SD = 
1.09, while the mean gain for the text condition was M = 0.05, SD = 1.40.  This shows that the 
image condition was more beneficial for students overall. In order to verify the statistical 
significance of the results, a t-test for score gain was conducted and it revealed a 2-tailed 
significance value of p=0.29 which does not reflect a statistically significant difference.  
 
Suspecting that some of the difference might be due to the students’ beginning math ability, I run 
a regression model to predict posttest score accounting for pretest score as well as condition. 
This analysis revealed a non significant effect for each condition of p=.195 that implies that 
difference due to condition is still not significant. This is possibly due to the small sample size of 
35, with 14 for the image condition and 21 for the text condition. 
 
 
Table 1.  Frequencies of pretest scores for all elementary school students, for all conditions 
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Table 2.  Frequencies of posttest scores for all elementary school students, for all conditions 
 
 
 
Table 3.  Independent samples T-test (image and text) 
 
 
Table 4.  Means and Standard Deviations for Gains in performance 
 
 
 
 
Table 5.  Regression model across pretest and hint condition for posttest 
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Figure 7. Mean Gains in performance from math pretest to posttest 
 
 
After looking at overall performance comparisons, score gains were analyzed for each question, 
the results of this comparison can be seen in  Figure 8 , from the graph there is a trend for the 
image condition to perform better; there are cases where the difference was very pronounced 
between gain scores such as question 2 (text=-0.11, image=+0.125) and question 6 (test=-0.055, 
image=+0.25). There was only one case in which the text group performed better and that was 
for question 7 (text=+0.16, image=-0.125). 
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Figure 8. Gain comparisons per question across image and text hints 
 
Using the median score the groups were also split into high-performance and low-performance 
based on their pretest scores. (M=6). The gain score of each group was also analyzed, image 
hints were much effective for low-performance individuals (gain scores: text=.7, image=2.0). 
Surprisingly in the high performance group students performed worse on the posttest for the text 
condition and effectively retained their scores for the image condition(gain scores: text=-1.125, 
image=0.17). 
 
Table 6. High-performance vs low-performance group split comparison 
Group Pretest Posttest Gain Score 
Low (Text) 
Performance 
4.6 5.3 .7 
Low (Image) 
Performance 
2.0 4.0 2.0 
High (Text) 
Performance 
6.375 5.25 -1.125 
High (Image) 
Performance 
6.83 7.0 0.17 
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5. Discussion 
Although the difference in post-test gain scores were not statistically significant this may be due 
to the small sample sizes of the two groups. The image condition group had a size of N=14 and 
the text group of N=21. There still was an improvement in post-test scores with students in the 
image condition. More research is necessary to fully validate these conclusions but within the 
scope of the findings it seems fair to conclude that the image based hints were an improvement 
over text only hints for these mathematical tasks which are implicitly very visual. The 
implementation of gestures within these hints allow for the mediation of vital conceptual 
understanding that these novice math students lacked when compared to expert problem solvers. 
 
Especially when investigating performance improvements on individual questions, we see varied 
gains. Questions focusing on topics outside the scope of the activity, such as estimating the 
height of a camel did not have nearly significant gains in either conditions, while more relevant 
domains such as estimating the size of a key had improvements especially pronounced for the 
image condition. This seems reasonable as the objects that the students were measuring were 
typically under one foot. Accounting for the scope of the game this strengthens the results. 
 
When dividing the data between high and low performing students it was observed that high 
performing students did not see an improvement in scores unlike the low performing group. This 
may be due to the age group of the various students. The students were at academic levels 
between 3rd and 5th grade, the higher performing individuals were most often in older age 
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groups. These students had a much higher level of mastery of geometric concepts compared to 
the 3rd and 4th graders and were often less engaged. This reduced engagement may have 
contributed to post-test fatigue deflating post-test scores. The image condition may have 
improved retention of engagement with students in the high performance group. 
 
Overall this research has contributed towards the improvement of the WLCP software; 
enhancing its capabilities, expanding game-creator expression. Allowing teachers a streamlined 
and robust platform for creating mathematical embodied learning games. Despite the non 
significant results this research has attempted to investigate the benefit of embodied learning 
games along with versatile hints and shows promising results for the effectiveness of gestures on 
technological platforms. 
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Appendix 
 
Appendix A. Created gesture-based hints and pretest/posttest 
 
Gesture Hints Created 
 
 
Hint 1: When measuring objects line up the 
dowel so its straight against the same flat 
surface as the object you're measuring. 
Hint 2: Knowing the size of an inch helps 
with measurement, an inch is about the size of 
a quarter or a postage stamp. 
Motivation: Elementary students did not keep 
their dowel perpendicular to the surface they 
were measuring the object on. 
Motivation: Elementary students did not have 
as accurate reference sizes of an inch, 
compared to college students.  
  
Hint 3: I have the shape a ball. Put a stick next 
to me to measure my height. 
Hint 4: 4 inches is one third of your 12 inch 
dowel. Look for that square face. 
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Motivation: College students utilized a body 
part in order to level their measurement to the 
top of spheres. 
Motivation: College students utilized part-part 
whole strategies when measuring objects 
much more than elementary students. 
 
 
Hint 5: A rectangular prism is like a shoebox. 
An edge is a border.  
Hint 6: A cylinder has 2 flat round sides and 1 
curved side (like a soda can) 
Motivation: College students implemented a 
strategy where they estimated the remainder 
on the dowel instead of the size of the object. 
Motivation:  
  
Hint 7: An acute angle measures less than 90 
degrees. 
Hint 8: A cube is a box with 6 square faces (a 
face is a side) 
Motivation: Motivation: When explaining  
Figure 1. Hints generated for EstimateIT!. 
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Appendix B. Pretest and posttest 
These tests contain eight questions that assess student knowledge in measurement and geometry
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Appendix C. Coding scheme of pretest and posttest 
ECTA Coding Scheme Answer Sheet 
Coder: Date 
Px:  Task: Task Type:         CT   D    LWH Video 
Segment:______to________ 
Item Response Page # 
Part 1: Problem-Solving Strategy (Actions) 
1.Time to Answer (s)  14 
2. Dowel -1 0 1 14 
3. External Tool -1 0 1 14 
4. Autonomous Tool -1 0 1 14 
5.a. Tool Specification  15 
5b. Tool Specification  15 
6. Multiple References -1 0 1 15 
7. Placeholder -1 0 1 15 
8. Start Point Marker -1 0 1 15 
9. End Point Marker -1 0 1 15 
10. Perspective -1 0 1 2 15 
11. Proximity -1 0 1 2 15 
12. Double-Check -1 0 1 16 
13. Decomposition -1 0 1 16 
14. Overall A Strategy -1 0 1 2 3 4 16 
Part 2: Problem-Solving Explanation (Language) 
1. Overall V Strategy 1 2 3 4 5 17 
2. Describe Other  17 
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3. Change Answer 0 1 2 17 
4. Correct Reasoning 0 1 17 
5. Precise Language 0 1 18 
6. Dynamic Speech 0 1 18 
Part 3: Problem-Solving Explanation (Gestures) 
1. Overall G Strategy -1 0 1 2 21 
2. Total Gestures  21 
3. VA Match -1 0 1 21 
4. GA Match -1 0 1 21 
5. VG Match -1 0 1 21 
6. GVA Match -1 0 1 22 
7. Gestures in Speech  22 
Gesture 1: Speech   22 
Gesture Description  22 
Gesture Type IS IK IP D M U 22 
Referent Object 0 1 2 22 
Speech Classification 0 1 22 
Gesture Classification 0 1 22 
Object Held 0 1 2 3 22 
Dowel Use 0 1 2 3 22 
Speech Match -1 0 1 22 
Gesture 2: Speech  22 
Gesture Description  22 
Gesture Type IS IK IP D M U 22 
Referent Object 0 1 2 22 
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Speech Classification 0 1 22 
Gesture Classification 0 1 22 
Object Held 0 1 2 3 22 
Dowel Use 0 1 2 3 22 
Speech Match -1 0 1 22 
Gesture 3: Speech  22 
Gesture Description  22 
Gesture Type IS IK IP D M U 22 
Referent Object 0 1 2 22 
Speech Classification 0 1 22 
Gesture Classification 0 1 22 
Object Held 0 1 2 3 22 
Dowel Use 0 1 2 3 22 
Speech Match -1 0 1 22 
Gesture 4: Speech  22 
Gesture Description  22 
Gesture Type IS IK IP D M U 22 
Referent Object 0 1 2 22 
Speech Classification 0 1 22 
Gesture Classification 0 1 22 
Object Held 0 1 2 3 22 
Dowel Use 0 1 2 3 22 
Speech Match -1 0 1 22 
Total responses which match other coder(s) 
or master answer sheet: 
 Matched responses divided by 
total items: 
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